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SUMMARY

made to determine the.accuraq ur”th
which the lateral$ight moths of a swept-”ng airplane could be
predictedf#om experimental stability dericatire8 determined in
the 6#boMiameter roll%g-jlow test 8Mion and 6- by 6@ot
ewved-j%w te8t 8ection of the Lungky stability tunneL In
axtdition.determination of the w-gnifieance of including the
nonlinear aerodynamice~ect8of sidedip in thecakuktions OJthe
motion8 w desired. AU experimental aerodynamic data
necessary for prediction of the lateral jtight moti”onsare pre-
sented along un”tha number of compam”80nsbehoeen-j?ight and
calculated motions cau~ed by rudder and aileron didurbances.

In general, theagreementbetweenthe caklated and measured
motions of the airplane mrwideredwa8 good when the e$ects of
all conM mowinents were taken into account. Tile greatest
disagreementoccurredat lifi coej%-t=ntswhere Reynolds number
effects on the ezpem”mentaldem”catire8would be expected to be
high, whichfor the ca8e conm”deredwagfor lift coei$icientsabove
about 0.8 when wing sloti were med. The nonlinear efects of
m“de81ipfor this airplane were not rery significantfor themotioru
considered,whichgenerallyinrolredsides[ip anglesless than10°.

INTRODUCTION

For the past.few years, numerous investigations ha}-e been
made in the LangIey stabihty tunnel to determine the effeck
of geometric variables on the static-, rolling-, yawing-, and
pitching+t-ability derivatks of various airpIane con@ra-
tions. (See references 1 to 4.) In t-hepast, however, none of
the experimenkd data have been compared with data obtained
in flight to determine its relative worth. The puxpose of the
preaentt report is to determine the applicability of the
experimental stability derivatives to the prediction of the
Iated disturbed motions of an aiqdane in flight. The
equations used for caIculat,ingthe motions are given in the
appendix.

A j4scale modeI of a swept-wing version of a conventioncd
fighter airplane, which was sektkd because of the large
amount of flight data available (see references 5 and 6), was
tested in the 6-footdiameter rolling-flow test section and 6-
by 6-foot curved-flow test section of the. Langley stability
tunneI”to determine all the stability derivatives which are

IN THE CALCULATION
AIRPLANE AND
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uswdIy considered necessmy-to calculate the lateral motions
* from a distfib~c~ cawed by the rudder or the
ailerons. Comparisons have been made between the flight
and calculated Mend motions for a wide range of conditions
in gliding @ht.’

A few cakuktiona have been made to determine the
effects of nodinear variations of the aerodynamic forces and
moments with the angle of sidedip. .

COEFFICDINTS AND SYMBOLS

The results of the mind-tunheI tests are presented as
standard NACA coficients of forces and moments.
Moment coefficients are referred to a cent&of gravity located
&k.21.8percent of the mean aerodpamic chord. The wind____
tunnel data and motion cakdations are referred to the
stabiLityaxes, which are a system of ~Yeshaving their origin
at the center of gravity and in which the Z-axis is in the plane
of s~etry and perpendicular to the relative wind, the ‘--”
X-mis is in the pIaJMof syminetry and perpendicukw to the
Z-axis, and the Ykiia is perpendicular to the plane of sym-
metry. The positive directions of the stability axes and of
angdar disphwements of the aiqdane and contioI surfaces
are shomin figure 1.
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FIourmL-system-of stoblUtyaxes. Arrowsfndkstc positivefmees.moments,and angnkr
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1Sn$frsedesNAC.4 TN 201Sj‘“AStndy ofthe Usaof Erp?dmenteJ StaMlityDerivative fn tbe Cakdatkmtithe LateralDfsturhd~otkms of a f%ept-~~hwAirpleae and Compar-
isonwith Fl&ht Results” by John D- Bid mtd Byron M. Jaqw 19&l
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The coefficients and symbols are defined as follows:

lift coefficient (Lift /qS)
maximum lift coefficient
Iongitudi&l-force coefficient (X/qS)
Iateral-force coefficient (Y/gS)
rolling-moment coefficient (L/qSb)
yawing-moment coeflkient (N/g5’b)

..-—. — ,..

—
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—
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,----- .,
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moment of inertia abou t longitudinal
axis

moment of inertia about sptmwise
axis

moment of inertia about normal
axis

longitudinal force along X-axis
lateraI force along Y-axis

.

principal

principal

principal

normal force alo~g ‘7_axis (Lift= —Z)
rolling-moment about X-axis
yawing-moment about Z-axis
wing-tip helix angle, radians
yawing-vcilocity parameter, radian measure
rolling angular velocity about X-axis
yawing angular velocity about 7-axis
linear velocity of airplane along Y-axis
free-stream veIocity along X-axis
calibrated airspeed, baaed on sea-level density

of air
angle of sidedip; P=- # in wind-tunnel

‘@@oU-’+)
angle of attack of wing root chord line

FOR AERONAUTICS

angle of attack of thrushline (~R—1.2°)
angle of yaw, degrees
angle of incidence of stabilizer with reapCCL

to thrust Iine, positive when trailing edge
is down

cent.roI-surfacedeflection, measured in a piano
perpendicular to hinge axi9

angle of sweepbac.k, ciegmes

()free-stream dynamic pressure ~ pV

wing area
wing span
aspect ratio (b*/S)
mass density of air
time
time to damp to half nmpIitude
period
tail length

aileron
rudder
flap
verticaI tail

WIND-TUNNEL TESTS

APPARATUS AND MODhZ

The experimental static-lateraI-stability deri-rativcs,
rolling-stability derivativ-es,and yawing-atability deriwttivcs
were determined from tests conducted in the Langley
Stabflity tunnel in which rolling or curved fright k si@atg(l.
by rolling or curving the air stream about a rigidly mounted
fiodel.

The tests were made on a conventional six-componml.
balance system with the model mounted at the flighLcenter
of gravity which is at 21.8 percent of the mean aerodynamic
chord of the wing.

The full-scale airplane (a swept-wing version of a ccmven-
tional fighter) had [he quarter-chord line of the w!ng, j USL.
outboard of the iutake ducts, swepLback 35°. l%mc of the
pertinent airplane characteristics are given in tabIc I.
More details of the airphme may be obttiinwl fronl rcf~’r-
ences 5 and 6.

The ~scale model shown in figure 2 and in the photog-

raphs of figures 3 to 6 was constructed of laminated nmhog-
any, finished in clear Iacquer, and aII surfaces vwrc highly
polished. The modeI propeller had three mctd Madcs set
at an angle of 28° at the 0.75 radius. AH propdlm+n tests
were made with windmilling propelIer. Tho model wing htid
a removable leading eclg~so that slats of O percent, 40 IIcr-
cent, and 80 percent of the swept span couM be used inter-
changeably to simulate those of the full-scale airplane. Tho
top surfaces of the sIats were cast to the coutour of the air-
foil and the slats were extended by means of metal brackets
which alsa act as fences to reduce spwnvise flow along the
slot. A cross section through the slot and slat is shown in
reference 5.
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The wing had a plain trailing-edge flap with a chord of
15.1 percent of the wing chord measured perpendic.u]ar to
the hinge axk. The gap was sealed for aIl tests, As in the
case of the rtirpla’nethe main wheels of the model were fixed
for all tests; whereas the nose wheel and nose-wheel doore
were removed for all flaps-up tests.

Shown in figure 2 are the two ventral fins tested on the
model. The large ventral fin was used for all tests except a
few with the 80-perce.nt-span slot configuration for which
the smaHventMI fin was used.

TEST AND TEST CONDITIONS

Trim tests.—llodel trim lifb coefficients of 0.33, 0,55, 0.76,
and 0.95 were selected as representative of those obtained in
flight t@s; rl?he angle of incidence of the horizontal tail
was measured with respect to the thrust line.

In order to determine the trim angles of the horizontal tail
for the previously mentioned lift coefficients, tests%were
made through the angIe+f-att.ack range with the horizontal
tail set at —5°, –3Q, and 1° incidence. From these tests
the trim angles of the horizontal tail were determined. (See
table II.)

Static tests..–In order to determine the static-stability
derivatives Cl~, C,*, and, C~+, the model was tested at

$= ~5° through an angle-of-attack range of a= –2° to
~=23Q for the flaps up (trim C~=O.33) and a= –2° to
a= 18° for the flaps down (trim CL= O.76) for each of the
slot configurateions. Tests were also made at all selected
test. trim lift. coefficients through an angle-of-yaw range of
#= a20° to deL~rmke the variations of C,, C., and C,
with * for all slot configurations.

Tare tests were made for the +10-percent-epanslot conilgu-
ration (flaps up and down). The effec~of the slots on the
tares was assumed t.o be small; therefore, the tares for the
40-percent-span sIot configuration were applied to all con-
figurations. The Mach and”Reynolds numbers for the teats
were 0.17 and 1.01X 106,respectively.

Rolling-flow tests.—Tests were conducted in the &foot-
diameter rolling-flow test section of the Langley stability
tunnel, wherein rolling flight of the model was simulated by
rotating the air stream. The model was mounted rigidly
on a conventional support strut. Details of this test pro-
cedure are given in reference 1.

All slot con.f@ations were tested through the angle-of-
attack range with the flaps up (trim CL= 0.33) and with the
flaps down (trim CL= O.76) at helix angles pb/2V of O,
+0.0253, and +0.0757 radian. The slopes of C,, Cm,and
C, plotted against pb/2V are the derivatives C,p, Cnw,and
Cy=. The 40-percent.-span slot configuration (flaps up and
down) was tested at the selected trim lift coefficients for the
previously mentioned values of pb/2V from $=0° to $=20°
to detamine the variation of Cl,, C=., and CYPwith #. The
Mach number and Reynolds number for the rolling-flow
tests were 0.17 and 1.01x10@, respectively.

Yawing-flow tests,—Yawing-ffow tests were conducted in
the 6- by 6-foot curved-flow test section of the Langley
stability tunnel. In this section, curved flight is simulated

approximately by directing the air in a curved path tilN}ui
a fked model.

M slot configurations were tcsted in curved flow through
the angle-of-attack range with the flaps up (trim C~=0,33)
ancl with the flaps down (trim CL= 0.76) at values at rb/21.
of O,—3.039,— 0.082,and —0.108. The slopes of C’1,C.,
and Oy plotted against rb/2V arc the derivatives Cl,, C’.,,
and CY,.

The 40-percent..spanslot configuration (flaps up and down)
was tested through an angle-of-yaw range of ~= + 20° for
values of rb/2V of O,—0.039,—0.082,and —0.108at. l]N

previously mentioned trim lift coefficients to determine thu
variation of Cl,, C,r, and CY, with #. Thu values presented
herein are the average of the results at corresponding posi-
tive and negative angles of yaw.

The 40-percm&span slot. configuration (flaps up) wm
tested at a irim lift coefficient of 0.33 through the’ anghwf-
yaw range ]tith the propeller off.

The yawing-flow tests were made at a Llach number of
0.13 and a Reynokla number of 0.8x 108.

CORRECTIONS

‘bwo~ima~e M-boundw corrc~tiomhtsd on md hods
derived for unswept wings were applied to the anglP of
attack, longitudinal-force coefficient, find roI1ing-nlomcnt
coefficient, and”a blocking correction of 1.01 was applid h)
the dynmnic pressure,

Corrections for the effect of the support strut have been
applied to rx, ~L, cl, c,, Cy, cl+, P,+, W1(lG.$ . In mlli.ng
flow and curved flow, accurate tares were diflicult to obhiin;
and, as a result, the derivatives ~1~, C.., Cr , (?i,, ~, , nn(l
ICY,are not corrected for the effect9 of the su~port strl~t.

The derivative Clnwas corrected for the effective pitthing
velocity, which existi when the model is t~tcd at. }1n ang]c
of yaw, by the following equation: -.

where ~1~ is measured abou~ the wind axis, and f (A, A,~),
which is small as compa&d with Cl ‘ cos ~, ~ a funrtion
determined by use of the methods ~f reference 4. Corre-
sponding effective pitching corrections were not appIied tom
the derivatives C.= and CY,,

A correction was also applied to the dmiwitive t’r, to
account for the error caused by the cross-tumwl sltitic-
pressure gradient which is associated with curvd flow.

EXPERIMENTAL RESULTS

The experimental data are discussed briefly with rcfrr(~ll(!~
to the effects of the slots and angle of y~w on the aerody-
namic characteristics of the model, because the effects of
these variables on the rotary derhmtives have not bum
investigated extensively to date. The figures wh”ch prl~scllt
the results obtained in the prosent invc+st.igationare Iistcd in
table III.



ASTUDYOFTHETEXEOF~ EBIMENTAL STABIUTT

The basic lift and longitudinal-forcG data of flgums 7 and
8 are generally in good agreement with larger scale tests of
another modeI of the same airpIane, as given k reference -7.

The main effect.of the slots is to extend the linear range of
those stability derivatives whiih me IargeIy contributed by
the wing to higher Iift coeflkients in a manner similar to the
effect of slots on the lift. curve of a wing. (See figs. 7 to 10
and 12, 13, 15, and 16.) One sig.uiflcanteffect of the slots
is on the damping in yavi C%,which incremed as the slot
span is increased. When the 80-percent-spa-nslots are used
Cn=is increased (over that of the unslotted configuration)
by about 25 percent at C’~=0. (See fig. 15 (a).) When the
flaps are deflected (~. 15 (b)), the effects of the slots on tie
yawing-stabiIity derivatives are not- as great as when the
flaps are retracted.

A comparison of figures. 11(a) to 11(f) shows that ~~x
varies to some extent through the yaw range, CrXis approx-

imately constant, and for any gi-ren lift coefficient C% is

D13RIYAT13’ES IN LATERA.PMOTTON CALCULA’ITONS 713

approximately constant between #= —10° ud 1= 10°. As
the qle of yaw is increased (*. 14 (a)), C== tends to de-
crease, C. remains approximately constant, and C;a de

oceases s~htly. The variations are similar when the flaps
are deflected. (See fig. 14(b).)

The tests for the determination of the variation of” C’F,,
Cmr,and C,rwith # were made for negative values of r6/2V
onLy. Eesuh for positive values of rb/2V and positke IJ
were obtained by. assuming that the model was essentially
symmetrical about the XZplane.a.nd by utilizing the results
for the corresponding opposite angles of yavi and T6/2V with
regard for signs. This procedure amounted to averaging the
derivatives for corresponding positi~e and negative a-ngl~ _
of yaw.

In gener~ as the angIe of yaw is increased from O“ to 20°,
the damping in yaw Cmris increased by &bout 15 percent, and
err and C’1,are decreased sligMy (fig. 17 (a)). Deflection._
of the flaps or removal of the propeller does not appreciably

—
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change the variations of the yawing-stability derivatives with
angle “of yaw. (See fig. 17.) -

Because Cm,is largeIy dependent on the size of the vertical
tail it is approximately true throughout the yaw range that

c.,=–~c=b #

Substitution of the proper va.hws of the span, C’n@~,anti the

tail lertgth 1, indicates that the trend of the. variation of
C., with # shown in figure 17 is reasonable.
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The relative constancy of C’}.p,CJ=,P.e, Py,, CJ,,and (’=,
with angle of yaw as indicated by figures 14 and 17 and the _.
linearity of the curves of CY, Cl, and (7Xplotted againsL~
for angles of yaw up to approximately 10° (fig. 11) wero
factors which indicated that nonlinearitics were ML of first-
order importance for this airplane in the cttlcuIation of.
motions invoIving reasonably small variations in ~, Conse-
quently, most of the motion calculations neglect th(’ effect of
# on the stability derivatives.

The resulteof unpublished testsof swept.wings at Reynolds
numbers to 8.0)(106 in the Langley 19-foot pmssurc Lund
indicate that the linearpart of the curve of Cl~plotted ngahu+t
CL is increased by an increase in Reynolds number. Thr
curves of Clt against CLgiven herein agree well with thoac ._,
obtained in flight (references 5 and 6) mul in tests of n _..-
1

—-scale model (reference 7) ~xcept tit lift coefFiriwltsabove4.5
C’~=0.8 where the magnitude of the present test. wducs
decreases for the slotted-wing configur~tiogs, Tho lineur ,
parts of the curves of the rolling- and yawing-stability
derivatives are believed to be extended similarly to higher
lift coefficients if the Reynolds number is increased.

MOTION CALCULATION METHODS

The lateral disturbed motions of the test airphme werr
calcuIate”d from the aerodynamic dfita obtainwl from tlw
tests described in the section entitled ‘f Wind-Tunnel Tcsk.”
The mass and d~ensional chm-acteristics of the airphttm ~~
are givm” in tabIe 1, and a tabulation of h flight Conditions
for whichkkral disturbed motions were calculatcd for com-
paikcm m%h the flight motions is given in table ~r. ~IosL
of the calculations invoIved dynamic derivatives Jr”hichwere

—.
~

constant fbr a given lift coefhcient as is usually employed itl
the theory of small disturbances used in lateral-stability

-.

calculations.
Solutions of the Iateral equations of motion, given iu th~~ .,

appendix, were obtained for unit step distwbtmccs in roll
and yaw by the method described in refere~cc 8. ‘Mu
aileron and rudder deflections during t.hoflight,motion under...
investigation were then approximated by R smies of stcp

functions ~ually at ~-secoqd intervals. Thr motion arisihg

from the controI movements was then calculated by

P;, p., or ~n=~[(~m-n)r.,& (Bn)wm+~ta-n).~.(B.)4]n-

where B- is the value of the unit.solution caused by ACj = 1
or ACI= f at a time T=kn, and 8~a is the fraction of W
unit disturbance applied by the rudder or aileron at a time
T=k(m—n). The rudder and aileron effectiveness were
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obtained km reference 7. This procedure is essentially an -
approximate emluation of Duhamel’s integnd and &ia con-
sidered sufficient.ly accurate, for these calculations. Refer-
ence 8 gives a more exact graphical evaluation of this integral-
The yawing moment caused by aileron deflection and the
roILingmoment caused by rudder deflection -were not con-
sidered of enough significance to warrant their incIusion in
these calculations. In some cases, however, these factors
may be of greater significance.

Ii a few cases, unit solutions to the equations of motion
mere obtained by a Laplace transform procedure which has
been adapted for use tith automatic digital computer&
The results were, of course, identical with those presented
in this report.

DERIVATIVES ~“ L& TEB..&MOTION C~CUIu4TIOXS 715 _

Calculations of the lateral motions for a few cases employ-
ing a nonlinear variation of rolling-moment and yaming-

—.—

moment coefficimts w-W angle of eidesfip md a variation “-
of C.r with angle of sideeIip -werecarried out by use of the-”
Kutta three-eighths rule for soMng the lateral equations of
motion. (See reference 9.) AU latffel-motion cekdations ~
-weromade on an automatic digital computing machine. -.._

WWULATED LATEEALMOTIONS
Glmlmk

The flight.records corresponchng to the motions mdculated
for this report showed that the motions resulting from–&hi-–-
a.nd Ieft contioI movements were not exactly of opposite .
ma~de. This result-indicat= that there was some asym- “—
metry in the chmacterietice of the airplme, although the

,
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(a) Trfm C’L-0~ JFW. (b) Trim C!L=O.i’6;.3~4W.
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wind-tunnel test results indicated no marked asymmetry in
the model characteristics. Part of the differences in tho
flight motions b the right and left are undoubtedly due to
variation in the thrust conditions. Although the flight tests
were made under approximately zero thrust, no convenient
means of obtaining this condition waa avaihble, and thus
this requirement was left to the judgement of the pilot.
Some small part of the difference in the motions to the left
and right should be attributable tQ imtrument error as the
tilm record frequently contained considerable hash which,
of course, tended to obscure the a.ctualmotion record. The
differences between the motions to the right and Ieft were
resolved in the present report by presenting both records
with the sign of one reversed so that the motions were super-
imposed. The shaded areas in the lateral-motion plots
(figs. 18 to 23 and 25 to 35) represent the difference between
the motions to the right and Ieft. The flight motions corre-
sponding to the calculated motions were obtained from
references 5 and 6 and related tests. The figures which
present the results of the IateraI-motion calculations are
listed in table III.
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LATERALOSCILLATIONS

Lateral oscillations were initiated by abruptly deflecting
the rudder of the airplane and returning it to neutral equally
as rapid a moment later. Some aileron wagglo causccl by
the floating tendency of the ailerons occurred and was
accounted for in the calculations by the procedure given in
the calculation methods.

The calculated and flight motions are generally in good
agreement for all motions calculated (figs. 18 to 23) except
for the condition at C~=O.977, (SCCfig. 23.) A comptwisan
of the flight and calculated periods and time to damp h
half amplitude (fig. 24) also indicate fairly good agreemcnl
except for the motions at lift coefficients of 0.977 and 1.169.

The values of C’l~used for the calculation of the latmal
motions were obtained from the curves of ~1 plotted against
# (fig. 11) wherever possible rather t.h~n the curves of Clt
obtained from testsmade at $=+ 5° (figs. 9 and 10) bccnuso
this procedure is believed to be more accurate. Although
the dtierence between the two methods is generally small,
such is not always true; and in some cases tlm calcultitcd
rate of damping was found to be appreciably Mcctcd by
the difference in Cld

At the higher lift coefficients, the experimentHIstabifity
derivatives deviate appreciably from their initial trends.
This tendency previously has been referred to as a Reynolds
number effect and is probably the cause for the lacli of agree-
ment at high lift coefficienttabetween the flight tind calrulnted
results. Referene.as 5 and 6 which present flight tests for
this airplane show no reduction in C’lt up to the nmximum
test Lift ccdlicient.. The rotary dcrivativw of the ti.irplane
presumably behave similarly. Evidence of the deviation of
the experimental stability derivaLivesfrom their true vnrin-
tion with lift coefficient is observed in figure20 which presents
results for a lateral oscillation occurring at CL= 0.75!3. The
Calculated result indicates an excessive response in sidcslip,
yaw, and ro~.

A few additional calculations of. the period }md time to
damp, made for other high lift coefficients in fligl]t, indicate
increasingly poor agreement between the flight Hm] calcu-
lated times to damp to one-half amplitude with increasing
Iift coefficient. The relatively good i-grcemcnt between the
periods of the &ght and calculateJ motions for all lift, co- -
efficient, however, indicates that the experimental values of
Cmcare fairly close to the correct VQIUCS.The perio(l of the ‘
motion is primarily a function of the directionaI-st.ahiIit.y
parameter C,fl. (See reference 10.) An cxtrtipdation of
the curves -of the derivatives plotted against lift ccdllcient- _

which arncnmtedto selecting the value of the dwiva Livejust
previous to the break in the curves occurring Mt maximum
lift coefficient-was employed for one case at C’L=1.17 hut
failed to yield a satisfactory result. A linetir extrapolation
of the curves in the region preceding the deptirture from the
theoretical or linear trenclis expected to bc more SRIisf~~ctory.

*
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RUDDER KICKS

Rudder kicks were initiated by abruptly deflecting the
rudcler of the airplane. and holding this deflection as the
airplane responded. The records of the flight motions were
short, usually covering 5 seconds. As in the case of the
lateral oscillatiormxbmssed previously, some alight aiIeron
wngg!e that occurred was accounted for .i.n the calculated
motions. The agreement.between the flight and cdculrited
motions is, in general, quite good (figs. 25 to 31). Agreement

is best at the lower l.if t’ coefficients; however at a lift coef%-
cient of 0.919 (fig. 28), good agreemefit. is shown between
flight and calculated a@es of sideslip and rolling velocities.

The flight tests reported in reference.5 showed that at low
lift coefficients the airplane rolled in response to a, rudder
kick as if the airplane had a decided negative clihedmd

effect. Figure 31 indicates that this peculiar w.sponw wus
largely caused by the.slight aileron waggle which occurred
during the motion. In general, for all cot]figurationsinvesti-
gated, it was found neces%ry to accounb for any slight ailrron
movements in order to predict satisfnetoriIy the Intcml
motions of the airplane.

The motions at ~== 0.794(fig.30)give c’ridcnrc of de-
parture of the experimental derivatives from the true varia-
tion wtithlift coefficient. This result again is the Reynokla
number effect previously discussed. The flight Hnd udru-
lated periods of the lateral oscillation caused by tho rudder
kicks are in very good agreement which indicates again tllat
the values of (?.8 used in the cwlculations were rwwonahly
accurate.
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AILERON ROLL8

Aileron rolls were initiated by abruptly deflecting the
aileron control of the airplane and holding the deflected
position as the airphme responded. The rudder control was
held as near neutral as possible. The records of motion
were necessarily short because of the large angles of bank
assumed by the airplane after a short period of time.

Comparison of the flight and calculated aileron rolls indi-
cates fairly good agreement (figs. 32 to 35) except for the
high-lift-coefficient condition without nose slots. The sta-
bility derivatives for the unslotted configuration show a
departure at fa.irIylow lift coefficient from the.initial trencl
of the variation of the derivatives with lift coefficient. As
previously mentioned, this result is not obtained at the
flight Reynolds numbers. The calculat~onafor this high lift
ocwfficientwere carried out with two sets of stability deriva-

. .

-.

t ives. One.set was obtaimd by a linear extrapolation of the
curves of lhe derivatives plottwl against lift co[’fficient anti
the second set, by selecting for the value of th{! cleriv~tivc that
value just previous to the final break in tlw curves of tIN:
derivatives plotted against lift coefficient. Tho second pro-
cedure was necessary because the flight lift roofficicnt. was
greater than the maximum experimental Iifl coeffici[mt. TIN ,
linear extrapolation produces the better resulL,but it can IJC
seen that neither set of derivatives wtis very satisfactwy
although it would appear logical to believe, in view of lbc
Re@ol&number effects indieat(’d prcwiouely, thaLtlw linwr
extrapolation of the derivatives would have given”fairly good
resulti. The aileron rolI for the 80-pcrccnt-spun slot con-
fiagmation with flaps down at r== 1.169 (fig, 35) shows ftiir
agreement between the flight and cnlcultWd u~otionsso LhtiL
a beneficial effect of the slots in maintaining an unscpfiralcd
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flow over the wing to a fairly high lift coeflic.ientis indicated.
The effects of elasticity of the vi-iqgwere not considered in

the calculations of the aileron rolls because of lack of lmowl-
edge of the flexibility of the wing. Rough estimates of the
effect of elasticity on the rolling v-elocity for the residts’ of
figure 33 indicate that the discrepancies shown between %ight
and calcukted results -ivouldbe reduced by about 50 percent
or more.

A comparison has been made of the maximum rolling
~elooities obtained by caIctdation for conditions duplicating
t-hose in flight, by flight tests, and by calculations for a
coordinat@ mameuverin which the yawing -reIocityand a.ngIe
of sideslip are maintained at zero. For this last case, the
roIIhg -reIocity becomes

The results are presented in :he following table: -

S2 0:: CL44 ---- Z67
0.63.5 .ia .:: -s7

3s
i-:

.?4 .20 .Ea

.— .

1 _ “:..—..——
The comtmrison indicates that a marked difference may be
obtained-in the maximum ding VdOOi@ by elimin&ing
the degrees of freedom of Sid”wfip amd yaw. This last “-–
method of calculation is used frequently in comparing the
reIat.iTemerits of mlfious forms of aik.rons.

NOMJXEAE CALCULATfOh3

CaIcuMions, in which the curves of Cl and C= against # -
mere represented not by a single slope but by a series of .1
tangents to the curves and in which the variation of G,
with # -wasincluded, ~ere made for two motions to illustrate
the effect of these nonhearities. The results are given in
@ures 36 and 37 tdong -with the ftightimotion and the cal-
cuhitions made for linear slopes and constant damping
derkathes. The ef7ect of the aileron vmggIe was small
and was taken to be the same as for the linem calculation.
These figures indica~e that for the-angles of sideslip encoun-
tered in these motions Iit.tleis to be gained by going to the
additional &ort required to make the calculations for the
nonlinem case. The nonIinear osculations reqtied ap-
proximately ten times as Iong to complete as the linear ml-
culations. Motions at Iarge angles of sideslip or motions
for a codiguration ha-ring more pronounced nodinearities
ilhan for the airpkme considered herein would undoubtedly
show the nordinearities to be of greata signitloance. .—

SUMMARY OF RESULTS

The inwistigation indicated that the Iateral disturbed .
motions of the airplane considered herein may be. generally
calculated tith good accuracy by the use of @erimental-
scale-model data up to Iift toticients where any appreciable
tiects of the differenc~ @ Reynolds rider between the .1
soale and ilight conditions begin to be apparent. This
eflect is USUIIYevidenced by a departure of the sede rwtits .
from ~ graihud variation wifi lift coticient and, for the
case investigated, corresponds to a Iift coefficient of O.8 for ._-”
the slotted-ming configurations. At higher lift coe&ients
the accuracy in calcula~m” flight motions is progressively
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poorer, especially in the time to damp to half amplitude where
errors as much as 100 percent or more may be encountered.
For the airplane of this investigation, at these high Iift co-
eftlcients, the calculated time to damp to hrdf amplitude was
generally higher than the fight value, In most cases the
period of the motion could be calculated to within 5 percent
of that obtained in the flight motion. In order to obtain
good accuracy in predicting flight motions, proper considem-
tion of all control movements must be made,

For most cases, the nonlinear variation of the directional-
stability parameter, the efTective dihedral parametar, and
the variation of the damping in yaw with angle of yaw could

.

be neglected. If, however, the flight motions reach a suffi-
ciently large amplitude for a long period of time, as in an
aileron roil for example, greater accuracy in the calculatwl
motions should result if the nonlinearit.iesin the variation of
yawing-moment coefficient, rolLing-moment coefficient, and
damping in yaw with angle of yaw me included in tho
calculations.

.

LANGLEiAERONAUTICALLABORATORY,
N~TIONU ADVISORYCOMMITTED FOR ~ERONAUTICS, “

LANQLEY FIELD, VA.,Nimmber 1, 19..j9.
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APPENDIX

LATERAL EQUATIONS OF MOTION

The Iateral equations of motions used for most of the calc-
ulations of this report consider the fluctuation of the aero-
dynamic forces to be directly proportional to the component
angular and translational velocitiw associated with the
axis system as is customary in cl~sic.al stability theory.
The modification to these equations to account for the
nonlinear effects of sidedip is discussed in the text. The
equations used herein contain the necessary product of
inertia and control terms and are given aa follows:
Roll

Yaw

kzO ‘

{[( )
C@- G@+ O.JH; GPDP+; CnrD#=2P ~ COS2 q

Siddip

CL*tan 7=2P(D~+D*)

where
d

“z
Wg=—

b
cl,,

Cl,m

c%

c*ha

c‘4
6’Y*a

782

,. .. .-: .=. . .. . ..1 -.r:L . . ...-

rate of change of rolling-moment coeflkient
with rudder deflection

rate of change of rolling-moment coefficient
with aileron deflection

rate of change of yawing-moment coefficient
with rudder deflection

rate of change of ya-wingmoment coefficient
with aileron deflection

rate of change of lateral-force coefficient with
rudder deflection

rate of change of lateraI-force coefficient with
aileron deflection

angle of bank, radians -.

weight of airpkme

acceleration due to gravity

radius of gyra~ion about principal longitu-

w)Ixog
dinal axis _

]J7
. ,

radius of gyration about principal normal

(r)Izog
axis

T

flight pith angie, positive for climb
inclination of principal longitudimd axis of

inertia with respect to flight path, positive
whe~ above flight path at nose

-.
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TABLE I.—PERTINENT AIRPLANE DIhiE~SIONSAKO
CHARACTERISTICS

Mass (hracteristics:
Normal grass might, lb----------------------------- & 700
Moments of inertia, ft-h-see%

Ix u------------------------------------------ 7, 6b4
IFO-----------.-__ -------------------- l&088
Iz o------------------------------------------- 20, 159

Principal * (rdative to thrust line at nose), dsg----__ O.+ up
Center of gravity:

Lmation on M. A. C., persent M.A.C --------- ----- 2L 8
ReIative to thrust line, percent M.A.C. below ----- 14.8

wing: .
Spa~fi ------------------------------------------- 33.-6
k, sqft ---------------------------------------- 250

&rfoiLsection (normal to L.E.):

Rat---------------------- Modiiied 66, 2x-l16(a=0.6)
Tip----------------------- ModKEd66,2 x-216( a=0.6)

M.Ac., fi___-—_-------------------_--_--,-------- 7.79
_ edge of M.A.C. (ft behind L. E. root ohord)---- 3.27

&pectratio --------------------------------------- 451
Ta~rratio -------------------------------------- L~LOO.
DfiW, deg-------------------------------------- o
%mepback( atquarter-ohord ke),d~-----_-____---- a5
Tot.alar~pla&setded~t3aps, sift -------------- 12.52

AiIerons:
Span (alonghinge~ @ch), fi---------------------- s. 75
Area (rearward of binge center line, eaoh), sq ft________ 6.51

Horixontaltail:
Toti=ea, Wfi----------------------------------- 46.53

Vertical tai.k
Fin =ea(abovehorizontd @~)lsqfi ----------------- 13.47
Totalrudderarea, sift ----------------------------- 10.26
Ventralfinmea, sq ft:

Lmge\’mtrA --------------------------------- 17.10
Stiventrd (appmx.)------------------------- &50

TABLE IL—TRIM ANGLES OF HORIZONTAL TAIL

i

Hots (per Jf
cent S’pen) (deal

o 0

a 40

—-
40 0

—— .
40 40

m 0

so 40

+

m on qg -a 10
-L IO

.7s –z 75

LWm On $$j .GO

.76 –-i :

.6% –226

Large

rargo

Lmrge On .s9
.55 -i%l
.76 -a M
.96 –&m

TABLE HL-INDEX OF FIGURES.

‘iVfn&unneI results:
Statiostabilitycharacteristics: Hgures

bn~tu~cbmctetitics ------------------- 7 and 8
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Rollfngderivatfves:
Detivativ- at~=OO ------------------------- 12and13
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?i%mingderivativea:
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TABLE IV.-FLIGHT CONDITIONS FOR WHICH MOTIONS
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